Abstract-This paper presents a mobile information system denominated as vehicle-to-anything application (V2Anything App) and explains its conceptual aspects. This application is aimed at giving relevant information to full electric vehicle (FEV) drivers by supporting the integration of several sources of data in a mobile application, thus contributing to the deployment of the electric mobility process. The V2Anything App provides recommendations to the drivers about the FEV range autonomy, location of battery charging stations, information of the electricity market, and also a route planner, taking into account the public transportations and car or bike sharing systems. The main contributions of this application are related to the creation of an information and communication technology platform, recommender systems, data integration systems, driver profile, and personalized range prediction. Thus, it is possible to deliver relevant information to the FEV drivers related to the electric mobility process, the electricity market, the public transportation, and the FEV performance.
I. INTRODUCTION
W ITH THE electric mobility paradigm in smart grids environment [1] , mainly through the full electric vehicles (FEVs) and plug-in hybrid electric vehicles integration around the world [2] - [5] , the open electricity market, the advances in the production and integration of renewable energy [6] , [7] , and new research challenges are being opened. In this scenario, FEVs and renewable energy contribute to reduce the emission of greenhouse gases [8] . Kennel et al. [9] presented an energy management system for the smart grids including the FEVs integration, and Moreno-Muñoz et al. [10] presented the solutions to integrate distributed generation in the smart grids. However, it is necessary to establish a set of technologies to allow the integration of these areas [11] , [12] . Gungor et al. [13] and Parikh et al. [14] presented some opportunities and challenges to the wireless sensor area in the smart grids, and Sabbah et al. [15] presented a survey of this communication technology in the smart grids. Therefore, communications and information and communication technology (ICT) represents a fundamental area in the growth and performance of smart grids [16] . ICT can also play an important role from the point of view of integration system information [17] , [18] , as well as from the point of view of the FEV drivers, as shown in Fig. 1 . This upcoming reality will force to provide relevant information to the drivers, e.g., information related to electricity market and public charging stations (CSs), toward driver guidance [18] . In this context, the main goal of the presented research is to describe a mobile information system to provide relevant data to FEV drivers. Thus, taking into account the information from the electricity market, considering different costs to different periods of the day, it is possible to promote the reduction of the costs to charge the FEV batteries. Moreover, considering the integration of FEVs with bidirectional operation capabilities (grid-to-vehicle-G2V and vehicle-togrid-V2G) [19] , [20] will strengthen the electricity market participation. These concepts are further discussed in Section II.
Nowadays, several projects related to smart grids are under development around the world [21] . In this context, smart homes with energy management and efficient solutions, smart appliances, and smart meters [22] , [23] will be the first step to the smart grids evolution [24] . However, the main principles of micro grids [25] , the guidelines of smart cities initiatives, the upcoming reality of energy markets, the electric mobility integration, and the power load profile are also the key areas of smart grids [26] . Nevertheless, it is important to highlight that the combination of the information available in these systems represents a very complex scenario of data, which must be wisely coordinated.
In this context, the research presented in this paper intends to contribute with a prototype to deal with the data integration from different sources, also considering the FEV drivers' profiles and the cooperation with the existing public transportation infrastructures. This cooperation can be achieved by providing information regarding routes, schedules and pricing of public transportation, availability of parking places, and even relatively to bike and car sharing systems. In this sequence of ideas, the minimization of the driver range anxiety problem is also a topic presented in this research work, in Sections II-E and IV.
Taking into account the proliferation of mobile devices associated with the increasing communication connectivity in mobile systems (with higher speed rates and coverage areas), this paper presents the conceptual aspects of a mobile information system prototype denominated as vehicle-to-anything application (V2Anything App or V2*), designed to run in mobile devices. For this application, we assume that each FEV driver has a personal mobile device and each vehicle can be used by several different drivers. Each driver profile is stored in the V2Anything App server module. Also, if a driver uses more than one FEV, then he should create different profiles, each one associated with each FEV. The driver uses the application on his mobile device, and the server is responsible for manipulating the information and creating and storing the driver profile. Fig. 2 illustrates the usage of the V2Anything App in mobile devices. This application is mainly used by the FEV driver to plan the trip (before the trip), to assist the charging process, to get a personalized range prediction, and to interact with the electricity market, transportation system (public and sharing systems), and road infrastructure, such as parking and CSs. The application can use the MirrorLink technology [27] with FEV head unit, which allows displaying the V2Anything App on the head unit of the vehicle, where the user can interact with the application in a safety form. This mirror approach has already been tested in laboratorial environment in the head unit of the FEV VEECO (www.veeco. pt) (see Fig. 3 ). The head unit is a central controller and a user interface that provides the control for several equipments (e.g., GPS navigation systems and bluetooth cellphone integration).
It is important to make clear that in order to be safe, avoiding the use of the V2Anything App can interfere with a safe driving procedure; it is advised to use it, as much as possible, when the car is stopped.
II. PROPOSED SYSTEM ARCHITECTURE
The proposed V2Anything App integrates a diversity of functionalities, taking into account the new realities of smart grid technologies, open energy market, and the increasing mobility and sustainability in the cities. V2Anything App uses the ICT-supported functionalities, such as GPS, wireless communication, and sensors, to perform a diversity of functions. The main modules and functionalities are illustrated in Fig. 4 and described in the following sections.
A. Charging Module
This module interacts with the charging process of the FEV and can be divided into two main charging process interactions.
1) Home Charging: It is possible to control the battery charging process, in which the charging system permits the interaction through remote control communication. This allows establishing a smart battery charging strategy, taking into account the power limitations of the electrical power grids, in order to support the FEVs integration in large scale. Ferreira et al.
[28] studied a smart battery charging process that takes into account the power limitations at the distribution network and the driver's home. It also allows choosing the best price periods to perform the battery charging. Section III describes the developed home charging system.
2) Public CS: It provides guidance to the nearest CS with the possibility of reserving a charging slot using the range charging assistant function. Based on the battery state-of-charge (SoC), driver profile, and remaining distance, the system can calculate the minimum energy required in the batteries in order to make it possible to reach the desired destination.
B. Collaborative Broker
This module is responsible for handling the FEV interaction with the electricity market and has the following system modules: internal and external, according to Fig. 5 (for more details, see [29] ).
1) Aggregation of FEVs: It is made by an institution or company, called aggregator, which combines customers into a buying group. The group buys large blocks of electrical energy and other services at cheaper prices. The aggregator acts as an agent (broker) between the customers and electrical energy retailers (for details, see [30] , [31] ).
2) Driver Registration: It is a user interface for the FEV driver registration at the system, with the definition of a login, password, and e-mail and the choice of an associated FEV from a local database.
3) Distributed Energy Resources (DERs): It consists of smallscale energy generation technologies close to the power loads. It is expected to become an important part of the future smart grids, aiming to improve the overall efficiency, performance, and stability of the electrical power grids. However, DER has the problems of variability (changes in load), uncertainty (supply contingencies), and unpredictability (associated with renewable energy generation intermittence, which depends on climatic conditions). When a large number of vehicles (parked and plugged) are considered, in an aggregated way, this community of FEVs has the capability to store a significant amount of energy. By contrast, the FEVs can store the excess of production from local micro generation and, in a coordinate way, the users can tune their behavior to perform the FEVs' battery charging process based on the micro generation production. Moreover, when a large number of FEVs operate using bidirectional battery chargers, they can be used to balance the production and consumption of energy in the power grid. This future collaboration between the FEVs and power grids is extremely relevant taking into account the private vehicles that are parked on an average of 93%-96% of their lifetime [32] . Also in this scenario, it can establish a cooperative process based on the electricity production information and the electricity consumption of the FEV driver's home, involving those domestic appliances that do not have an obligatory usage time constraint.
4) Collaboration Module: It is based on a credit system for the user collaboration in division of profits and in an aggregation module to join the FEVs. The profits of spinning reserve participation are divided based on the user's participation. Users receive credits based on the time intervals in which the FEVs are connected to the power grid, on the power limit that made available for market, on the energy that delivered back to the power grid, and on the time criticality for community goals.
Time is divided into three periods: critical period (when users are usually driving), day period, and night period. These periods are configurable because they change from country to country. Users' failures, caused by changes on the plugged time profile, are penalized with loss of credits. If a user compensates his failure by other user that is plugged in replacement, then no penalty is applied. Otherwise, if the failure is not previously reported, then the system heavily penalizes this behavior and sends a failure report in order to find a solution. Fig. 6 shows the information about the credit system. An important research issue consists of how to determine the right credits mechanism (for details, see [28] ).
5) External Interface System: Two main interfaces are available for the smart grid and the FEV charging system. The smart grid interface is based on a web service that gives a value in euro per electric energy available in the electricity market. Since this functionality is not yet available in the electricity market, it is simulated by the creation of a web service in a cloud platform (see [29] ). This value is used to manage the FEV battery charging process, which is controlled by the charging module. Through the FEV charging system interface, the driver can define a configuration in which if the price of energy rises above a configurable threshold, then the system sends a command to the FEV battery charging system to stop the charging process, or the opposite if the price falls back. Since this reality is not currently available, this process was only simulated according to [29] . Fig. 7 shows some screens of the developed collaborative broker application, with the web screens of electricity price information (A) and operation mode information (B). Fig. 8 shows the information flow for the process of FEV connection (A) and disconnection (B) of the broker.
C. Transportation and Infrastructure Interface
The adopted approach consists of data integration for different information sources as follows.
1) Car and Bike Sharing Systems [33] , [18] : These systems are important to the growing interest of the sustainable transport systems and to reduce the growth of energy use, noise, air pollution, and traffic jam due to a decrease in the number of cars moving and to an increase in the shared use of electric or low pollutant vehicles. Also, bike sharing systems permit door-to-door ride features and allow to access areas of the city that are forbidden for other kinds of vehicles. The sharing system can be applied to the FEVs, and bikes' (including electric bikes) sharing can be a complementary offer in cities.
2) Public Transportation Data [34] : Providing information about the schedule and price of the public transport to the FEV driver, it allows planning a journey using the FEV and public transportation in a complementary way. It can be used for functions such as car parking, booking (and charging), and ticket buying, when interface to the transportation operator is available. The integration of FEVs with public transport systems allows the extension of autonomy beyond the energy storage capacity of the batteries. This approach explores the results of the START project (http://www.start-project.eu), where integrated information available in mobile devices increases the usage of public transportation among different experiences in European project partners (England, France, Spain, and Portugal).
3) Points of Interest: Information related to points of interest (POI) is preloaded on the system, such that the driver can perform a quick search for any desired POI near the present location. This information is also used for guidance to FEV battery charging points that remain at a predefined distance [18] .
4) Parking Places: Information associated with available parking places and remote reservation of FEVs battery charging slots (for more details, see [18] , [34] ).
5) Green Route Planer: It is based on the integration of different information sources like the four aforementioned sources. This green route planer (GRP), which is described in detail in [35] , allows users to have several modes and forms to travel from an origin to a destination. To extend the traditional shortest path problem, an innovative framework is presented that integrates a multi-decision criterion related to the integration of different transportation sources (own car, car and bike sharing, and public transportation). These functionalities allow the usage of FEVs as a public transportation complementary option or even to cover a limited FEV range with public transportation or sharing systems (car and bike).
D. Electric Vehicle Interface
One of the major issues to implement the V2Anything App is the vehicle external information access and sharing among different stakeholders. Through the usage of a CAN-bus interface, it is possible to extract real-time information from an FEV. The CAN-bus is a standard design that allows bidirectional communication between the devices, a vehicle and/or a host computer.
An implementation of a CAN-bus interface is described in [36] and employed in an FEV developed at ISEL and the VEECO (www.veeco.pt). From the previous work, and since there are standards, the idea is to create an open tool that can work in all vehicles with CAN-bus. The user information access is mainly performed through a mobile application or a desktop computer, using the V2G Smart System application that was developed in the previous work [28] .
E. Range Prediction
This work proposes a personalized range autonomy calculation using: 1) an accurate FEV range prediction based on the past driver behavior and external parameters like road traffic and weather; 2) representation on a map of the distance that is possible to be reached by the FEV, combined with an uncertainty associated with driver behavior; and 3) guidance and reservation of the FEV battery charging points on public CSs.
Due to the limited range autonomy of FEVs, a personalized and more accurate indication of range autonomy will decrease the range anxiety problem because this accuracy will allow the driver to better explore the energy capacity storage of the FEV without the fear of being without energy resources. We have used our previous experience on the combustion engines with the study of bus energy efficiency [37] , in order to conduct a similar study using the VEECO FEV. The obtained driving data, combined with the FEV characteristics and environmental information (weather and traffic) in a data mining approach [38] , permitted to extract a personal range prediction and estimation. Details of range prediction are presented in Section IV, where some of the achieved results are also shown. Fig. 9 illustrates the range prediction results developed for the mobile applications in this work. Fig. 9(a) shows the starting of a range prediction, where the application presents the location of the FEV. The option of specifying layers is shown in Fig. 9(b) . In this case, the user chooses the range prediction process, and the results are illustrated in Fig. 9(c) . A safe range is shown in green (without energy saving actions); in orange, a range that the driver is able to reach with driving optimization; and in red, a range that is not guaranteed to be achieved unless full energy saving procedures are performed. This range information can be complemented with the location of POI and CS, as shown in Fig. 10(a) . Fig. 10(b) shows an example of alert of the insufficient battery SoC for the FEV to reach a desired destination. In this case, the Fig. 7 . Screens of the developed collaborative broker application: (a) client interface with electricity price and (b) client application mode of operation-1st shows that the notification mode is ON, 2nd shows that the FEV is in V2G mode, 3rd shows that the FEV is not disconnected from the broker, and 4th shows that the FEV changed from V2G to G2V mode. proposed route shows the information about insufficient battery SoC is highlighted, and recommendations about actions to reduce energy consumption can be suggested or the application can show options of the nearest CS in the proposed route.
F. Driver Profile
Driving range autonomy is intensively related to the driving style or mode. This happens in all types of vehicles, but on FEVs, due to the battery energy capacity limitation, this relation is much clearer. Thus, changing driving style and driving habits may represent a considerable factor on energy saving and on extending vehicle range autonomy. Considering the actions or driving habits that can bring significant energy saving to the vehicle operation, it is important to evaluate how receptive FEV drivers will be in changing their driving style and habits toward the achievement of the intended energy saving.
Some of the actions that the FEV drivers can take are related to their driving style, such as travel speed and accelerations, or also related to other factors like choosing the most convenient roads according to the FEV characteristics. Actions like cutting off the air-conditioner or reducing the usage of other electric equipments can also be useful to energy saving. These actions are presented by the application in the form of alerts or suggestions to the FEV driver; however, the driver can simply ignore them. Fig. 9(c) shows the effect of driver behavior on the range autonomy of an FEV. The green curve shows the distance that the FEV is able to reach without any caution for the driver, the orange curve shows the distance that the FEV is able to reach with usual driver behavior, and the red curve shows the maximum reachable distance if the driver takes all precautions to save energy. For this case, the difference of maximum achievable distances between the red and the green curves is around 20% of FEV range, which is significant (in a 160-km range autonomy this means around 30 km).
A set of tools were established to allow measuring the key performance indicators from the FEV. It used a CAN Bus on-board data collection system, and those variables were crossed with publicly available historical meteorological data, in order to build a driver profile and to find the most important parameters related to driver efficiency. All data were stored in a SQL Server database of collected event-driven variables. Any time a driver starts and stops a voyage, an on-board recording system records several parameters, such as the accumulated distances traveled, the energy consumption, and the time traveled per motor rotation band. The rotation band, also identified as power band, is related to the range of operating speeds and the motor efficiency. In our case, the rotation band is classified into three bands: green, yellow, and red. From these variables, the following ratios were defined: 1) energy spent per 100 km; 2) time traveled per motor rotation band; 3) excessive acceleration events per 100 km; 4) excessive braking events per 100 km; 5) inertial distance traveled percentage; 6) time percentage of inertial movement; 7) brake usage per 100 km; 8) accelerator usage per 100 km. Additionally, historical meteorological data were obtained from the Weather Underground, assuming a unique point as representative of all regions of the city. The examples of collected variables are temperature, visibility, wind speed, rainfall, and weather events (storm, heavy rain, etc). Fig. 11 shows a screen of the driver profile database.
From this data, and using data mining approach, it is possible to identify the key energy consumption actions for each driver, and a set of conclusions can be taken [36] . From this type of analysis, the system identifies the actions to reduce energy consumption and automatically alerts the driver. However, no automatic actions are performed because the ultimate decision of reducing or not reducing the energy expenses is made only by the FEV driver. Thus, the driver may or may not accept the advising to turn off the air-conditioner or to reduce his driving speed. All data regarding alerts and driver's response are stored in a driver profile.
III. DEVELOPED CHARGING SYSTEM
In the context of this work, it developed a bidirectional battery charging platform denominated as iV2G Charging System [39] . This battery charger has a main advantage, the bidirectional operation mode, and it was specially developed to allow full control taking into account a smart charging strategy, as presented in Section III-C. The main functional requisites of the V2Anything App related to the battery charging process are described as follows.
1) Definition of smart battery charging strategies through remote commands in order to manage the charging process. Considering that the battery charging system allows bidirectional operation (in G2V and V2G modes), it also can receive a command to operate in V2G mode, returning to the power grid part of the energy that was previously stored in the FEV batteries (it will be an important operating mode for the future smart grids). Also, the developed application takes into account the power limitations of the electrical power grid and the driver's home. 2) Guidance for the FEV battery CS presenting the location of the nearest CSs and making their reservation. 3) Utilization of electricity market functions to obtain information of the prices that optimize the buying or selling of electrical energy in accordance with the G2V or V2G modes, respectively.
A. Developed FEV Battery Charger
Nowadays, in typical FEVs, when it is necessary to charge the batteries, the energy comes from the power grid to the batteries without any control protocol given by the system that manages the power grid. Taking into account that it is foreseen that FEVs will become an important part of the power grids and their integration cannot be neglected [40] . Consequently, their integration must be controlled and regulated in order to avoid problems associated with power grids overload. Besides these problems, which will be managed by the future smart grids, the FEV battery chargers should avoid power quality problems [41] . The main power quality problem associated with the FEV proliferation is the consumption of distorted current, which influences other power quality problems (e.g., distorted voltages due to line impedance). In addition to other control architectures that can be used to regulate and compensate the voltage in smart grids [42] - [44] , through collaborative operation, a large number of FEVs can also contribute to regulate and stabilize power grid voltage.
A prototype of the FEV battery charger was developed to operate according to the Mode 2 of the IEC 62196 standard. It is composed of two bidirectional power converters: an ac-dc power converter and a dc-dc power converter. The ac-dc power converter allows controlling the power grid active and reactive powers and the waveform of the consumed current. The control of the reactive power is a feature that will be managed by the future smart grids in order to mitigate some power quality problems (e.g., to regulate and stabilize the voltage). Fig. 12 illustrates the active power flow between the power grid and the FEV during the G2V and V2G operation modes. The dc-dc power converter presents a topology such that it operates as buck converter during the batteries charging process (G2V mode). By contrast, through proper control, this topology also allows the operation as boost converter when it is necessary, in order to make it possible to deliver back to the power grid part of the energy stored in the batteries (V2G mode) [45] .
Besides the bidirectional operation mode, the main advantage of this topology is related to the sinusoidal current waveform in the ac side of the battery charger for both G2V and V2G operating modes, contributing to the power quality in smart grids. Fig. 13 shows the developed FEV battery charger. More specifically, in Fig. 13(a) , the bidirectional power converters schematic is presented and in Fig. 13(b) , the final aspect of the developed prototype of the power converters is presented. Fig. 11 . Screen shot view of the driving profile parameters available in the SQL database. Fig. 12 . Power flow between the power grid and the FEV during the G2V and V2G operation modes.
B. Power Consumption Profile
In most cases, the FEV battery charging processes will be performed at homes, and they should be made in function of the profile of power demand of each home. In order to analyze the best schedules to perform the FEV battery charging process, in accordance with the power limitations of the home and power grid, an agent-based electricity consumption simulator was developed in a previous project [46] . In this context, with the goal of analyzing the introduction of FEVs in electrical power grids, a study was made for different types of residential consumptions. For such purposes, they considered different home consumption profiles (with different power consumptions and daily traveled distances), assuming one vehicle per family. Then, by compiling the obtained values of power consumption and the traveled distances, they determined the most favorable schedules along the days to perform the FEV battery charging process, without exceeding the contracted power for the home, which consists of a smart FEV battery charging process.
C. Smart Charging Strategy
Taking into account the home consumption and the limitations of power grid distribution, it is identified as a smart charging strategy, as depicted in Fig. 14 . Real-time information about the power limitation and home consumption is usually not available in most of the consumption places. To overtake this problem, it was created as a simulation tool based on a central information repository that can store and manage historical data on electricity consumption and production [28] , [46] . From this central repository, it is possible for the development of tools to extract knowledge from past electricity exchange log files, electricity market prices, renewable energy availability, home energy consumption (considering that the FEV is charged at home), and power grid distribution constraints. Main output information is the visualization of the power grid distribution on a graph, with the indication of power limits (for details, see [28] ). For that, the first step is to estimate the electrical power consumed per household and given the contracted power, to determine the available electrical power for charging FEVs. For the electrical distribution system, it was considered a power limit of 80% of the nominal power of the transformer that feeds a set of consumers of each particular zone of the low voltage system. However, depending on the percentage of existing FEVs, additional limitations can be imposed.
IV. RANGE PREDICTION
Due to the fact that the FEV batteries cannot be very quickly recharged during a journey, it is essential that a precise range prediction is available to the driver of the FEV in order to check if the desired destination is achievable without a stop to charge the batteries, or even for him to know if to reach the destination it is necessary to perform an optimized driving and to consider, for instance, turning off the air-conditioner, among other FEV functionalities. The FEV range autonomy prediction is based on three main dependency types.
1) The FEV model and its main characteristics, such as the chemical technology of the batteries (as lithium-ironphosphate, lithium-titanate, or nickel-metal-hydride); the batteries characteristics (mainly variation of SoC, lifespan, performance, specific power, specific energy, and safety); and the FEV powertrain (electric motor and their power converter, as well as the other electrical parts, such as battery charger, controllers, and power cables). All these variables of the FEV will influence the battery SoC, and consequently, the range autonomy prediction. The batteries SoC and other relevant parameters are provided to the main control system through CAN-Bus communication, and then this information is stored in a database in order to predict the available range with the information of current speed and acceleration. 2) The driver behavior, in which it is mainly used as the information of the battery SoC level versus achieved distance (which is stored in a data base), the FEV weight (that is a manual input), and driving directions (acquired based on the GPS information). 3) Environmental information such as current location, traffic conditions (taken from a web service), road information (obtained through a distances graph), weather information (wind and temperature-taken from a web service or from an FEV sensor), and altitude.
A. Range Autonomy Prediction Procedure
The range autonomy prediction procedure is, in a first step, based on the FEV previous known performance, on the battery SoC level and on past driving behavior (taking the relation of battery SoC level versus traveled distance achieved, from experience, stored in a driver profile database). In the second step, this distance is recalculated based on weather information. 1) If the temperature is above or below a predefined threshold, since a percentage of the energy stored in the batteries can be taken for air-conditioning. 2) If it is raining, then a percentage of energy is taken for the window cleaning process, and for night driving, a percentage of energy is taken for light services. A web service brings traffic information, and based on the experience (e.g., information about driving times and traffic information), a new driving range is calculated and showed to the driver as a prediction. Current driving behaviors (e.g., driving speed and accelerations) are also taken into account in this process. Once an estimation of the FEV range autonomy is obtained, it is started the calculation of possible reachable points based on the current position. Most of these estimation processes are performed with resource to simple heuristics, based on the deep studies that were previously developed [18] , [38] . For example, if the weight is above a configurable threshold, a percentage of reduction is applied on the range autonomy (this value should be tuned from experience data and with dependence on FEV parameters). Also, altitude is taken into consideration, using Google Maps to obtain the altimetry of the desirable path. Again, several levels are configured and is applied a percentage of reduction in the range in function of the altitudes to overcome in the path. Temperature is an important parameter because of its relation to the use of the air-conditioner. Thus, temperature is divided into five classes of ranges (classes are used to discretize the variable) applying the Naïve Bayes algorithm: 1) less than 5 ; 2) from 5 to 15 ; 3) from 15 to 25 ; 4) from 25 to 30 ; 5) above 30 . For classes 1 and 5, it is assumed that all drivers use airconditioner; for class 3, no usage is considered; and for classes 2 and 4, it is assumed that a percentage of drivers use airconditioner (i.e., the initial profile parameter, but acquired past data can tune this behavior). Traffic information is used again as a parameter that can reduce the range autonomy because possible starts/stops on traffic jams increase consumption.
B. Implementation
Fig . 15 shows the prediction web service, developed in Java, and Fig. 16 shows the mining models used for the prediction, which employs available data of the driver profile and weather information. Range prediction is based on data mining, Microsoft Decision Trees for step 1, and Naïve Bayes algorithm for step 2. In step 1, several input variables (battery SoC in percentage, the vehicle speed, the vehicle temperature, past driver behavior, battery type, and the distance traveled) are correlated to reach a prediction. In step 2, environment class variables are used (as discrete variables) such as traffic, altitude, and the weather conditions to refine the prediction based also on past data using Naïve Bayes approach (for details, see [38] ). Two main variables are predicted: DISTANCE_PREDICTION related to the range prediction distance and CHARGE_ PREDICTION related to the charge needed to reach the desired destination. The charge prediction process is similar to the range autonomy prediction.
C. Representation of Range Prediction
A simple circular distance can be represented for the range autonomy prediction, as shown in Fig. 9(c) , or a detailed representation can be made, as depicted in Fig. 17(a) . In this figure, the distance that can be traveled taking into account normal driving (without energy saving actions) is presented: 1) the travel starts in Lisbon with 100% SoC; 2) Vila Franca after 25 km; 3) Santarém after 80 km with less than 50% SoC; 4) Leiria after 150 km with 5% SoC. Taking into account the battery charging process that occurs in Leiria [ Fig. 17(b) ], they represent the distances that can be traveled from Leira city: 1) at the starting point of the charging process; 2) when 40% SoC is reached; and 3) when 75% SoC is reached. All representations are based on Google Maps API (https:// developers.google.com/maps) and used as a starting point of the current FEV position. The detailed maps used in the first step for the graph information of main roads and a range prediction value are used to mark a distance for each road. The result is a polygon line to represent the range. The uncertainty about the range due to driver behavior is represented in the same manner. If the SoC level is below 25% of full charge, then the representation procedure starts to use secondary roads.
V. CONCLUSION
This paper presents a developed mobile application named V2Anything App. It allows providing relevant information to FEV drivers from several sources of data. Using this application, the FEV drivers can interact with battery charging systems by using the information of public CSs places, their availability and energy price to make the reservation of a charging point with the associated parking place. Simultaneously, the integration with public transportation infrastructures ensures that the driver is capable of planning the use of public transport means on his journey and linking the FEV with parking places availability, transports schedule, and ticket reservation. This information integration with driver's interaction devices and applications contributes for a better trip planning and energy usage, and also reduces the range anxiety of the FEV driver.
This paper also introduces a developed bidirectional battery charger designed for the future smart grids, which allows performing FEV battery charging (G2V mode) and discharging (V2G mode) processes. It is commanded by the V2Any-thing App aiming to operate with a smart charging strategy that takes into account the power grid and the consumer power constraints. This developed battery charger also taking into consideration the power quality aspects.
The main contribution of this work consists of the public transportation data integration and the diversity of options for transportation systems (public buses, trains and metros, and car and bike sharing), which can be made available to FEV drivers through a single interface: the V2anything app. Prototypes of the V2Anything App were developed for Android [47] and Windows [48] systems. The inclusive view that is carried out by this developed application is significant for the FEV industry in general, but it is also important for governments, public operators, and end-users, because it brings a unified overview that makes easier the identification of the challenges and opportunities of this new paradigm of electric mobility.
In future works, it is intended to analyze the influence of the operation in V2G mode in the State-of-Health of the batteries.
